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PURPOSE:To prevent carbon contamination when organic metal material gas is used by introducing gas made of 
hydroxide into a reaction tube before material gas of silicon is introduced when organic compound is used as the 
material gas and an Si-Ge mixed crystal is grown by an atomic layer epitaxy method. 

CONSTITUTIONS silicon substrate 14 is placed on a susceptor 12 in a reaction tube I, the substrate 14 is heated to 900 
deg.C, and a spontaneous oxide film on the surface is removed. A temperature of the susceptor 12 is set to 390 deg.C, 
diethylgermanium (DEGe) is introduced into the tube 1 , and a Ge layer is grown on the substrate 14. The introduction of 
the DEGe is stopped, the DEGe in the tube 1 is discharged, the temperature of the susceptor 12 is set to 450 deg.C, 
and AsH3 is introduced. After the AsH3 in the tube 1 is discharged, the temperature of the susceptor 12 is raised to 530 
deg.C, Si2H6 is introduced, and an Si layer is grown on the substrate 14. Thereafter, the above steps are similarly 
repeated to grow an Si-Ge crystalline layer. 
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[«fff»#©«H] 

HJfcS©l*JfiBI;:ifiAl/Ti!>fc< tt)KS«cogMlcSS 

-rsKii i o^fxi fcttsm i ©^x^®s«sffiic* 

f&lk-rzxmt, R»2©2fXfti*aLfc©t>RKfc* 10 
©Affile -> U a >o**ft4fc*fcl4A ny &a 
5 « 3 ©#7. ft«A UT^S«tg«!S ttT»$H** * 
5 C t fc J: 0 SS«±C-> 'J 3 >HS&tt->iJ 3 > ty 
J^z •> A ©jlSJi ft »rt"T*X8 i c £ ftft& 

cw*«2] wiBm2©^xft«^-r**^fl:«5«y 

[00 0 1] a? 
[0 0 0 2] 

[flE*©ft«] fltitt, ^'j3>(Si)i:->U3>- 
^A(Si-Ge) tO}^Tn#G&WBV1t*m#mmifi 

Kfc £e3*E*?*l|«?1NME H 7 >i?X* (HEMT) © 
SnTV»*. 2 v-'j3>ty;i/V-^7 

*8K»ffl©¥»#ifc*!:£*«»&nT43D (R. Peo 
pie. IEEE. J. QB-22, pl696. 1986fc«ttSnTVi*), 
3t#*#^ffl©»rb^«S«»tbT«!«fanT^ 

[0 0 0 3] ±E©«k3&¥i!S#gS£«<£-r3Si-Ge 

fiB©xe**3^;usfi«, t<(c, *©j?sftis^ 40 

tf^^-XMBE) tt*«aUTl»*. §!£©£- 
3. MBE Sfctt. CftfcJ:0j*fi3tffcJgWC*l(Mf* 
#*V>&*9KttftlM. **^tt. =£&#©*$!©£ 

. [0 0 0 4] Lfc^T. HRRfcfcWTtt. 
ffl^fife(CVD) *S#*JBtt©*«£ft#8fcLT*aT 
**. £<fc, ai«R:^*j|Ca#x©*a*R»*« 

ffl-r*. tvb^sis^Jixkr^MALE) tfeictntf, 50 



!|#M¥5-4 7 6 6 5 

2 

J*B©fc£»*«MWB©]*ft*S ftSH^&TfflW-C 
#*Ct*i»6nTVi*. £©ALE jfcftffl^TSi-Gejg 

[0 0 0 5] 

[««**#» I/* 3 £?*»«] ALE tt, Sft©<hr 
5. III-VM^¥S#©iS^#>j£#ft{ft&TS]I 
»*f * t LT*«^«JB^&^fc©*We»*. 

imt, ale \z&vz>\,*t>®z>-t)\'y*) $.7-4 
m, rut>t>, in m*&x}vm<Dwmti7s*E.j&§m 

-r*a*tt, lsa#x©«iJ&:i3j;tf««ilS©;fcS&# 

[0 0 0 6] Geifeai©ffififcHLTtt. yiL-VX^A 
©JMW* t LT. WAtfvX^y^VX^Ad^Ge: 

Ge<c.Hs)iHi)©«fc5/a:*«Mi:^«»ftffl^T J a#©{t£ 

MfttXII&TfmnirflBTftS. ^*y;VTX^Aft 
£«JftM»#XiLTfflV>£i, 300 ~350 t8S©<E 

*Ty;wT=»>Aftxi;^*S'ir;naEfi«**iit39»T 

[0 0 0 7] Si-Ge gfi©^fiCMLT 

a. way^vx^Afli^ftKw^xtuTy^Tx 
k toBHtt. *«y ;i^x * h^m<n^mz <t o 

*e»©l*3«fcK»UT*0. !I©3MMft**&fcttMb 
**fl5^*«»5/'J 3 >©&jBi8C*V>T&Sft|[£ft« 

[0 0 0 8] ±e©£?&aWtarcJ:*f9*tBS-r 
fcfcaic, vU3>©H»^i:bTtt. ^/i/yXS 
iEi)^^5>(SIiH.) ^©**fl:tl*-2)^«v ? i'D- 
;W->7>(SiClsHi) 9«!)fKft«r]B(HSlCffV»&«lTV» 

a. ;:ne.-> , j3>©is^xtt. t^^us^^ >^ 

[0 0 0 9] Si-Ge jESft<Sfi^-&SfcJ6 

it, ^tt<t*yjvv=«>^c^v»Ttt*aMb#ft*fi 
TS^ftiaiiffift-cfWfflirsii^tc. ^©#«y;pvx^ 

^•K±4->U3>©«»*W±^IBtr*it*BW 
[0 0 10] 

[SSBft#Brr*&«>©^l§!:] igHiWtt. BfJtiBSK 

»i»stifcii*«»««*nfcK«toft«c««iyjkT 

-OLfr Zf&zm 1 ©^Xft*AtTSS«t«tt*1i: 
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alt'>&< t *>Ks«©satcss-r-5Kig 1 ©#x 

IcfcttKSg 1 ©#Xa<KS«^ffi.C43V>TSt»#&LT£ 

&&t&m-£itTf&ftmt<itz>z\t\z£t)m&w.±{z>< 
'J 3 >l £ fc «-> u 3 > fc v - A ©SHI ftM 

[0 0 1 1] 

MMM ^x^y;w-7-9A(DEGe)©± 
5fc«Mbfc*fclWMf;*4:U ALE tC«fcoTSi-Ge fi 
■ tj**3tt«KK. vUa>©EC*4:tf7.£*ATSI 
glC$fc£oT, T^XAsHj), *X7W>(PHs) *fc 
tt 7 > (Bi H4 ) Jr* AT -5 £ t K «fc o 

ffiL/&. Z.<D®m<DmmtVT\t, Asfc, PHs, BjHs, g 
eH« <fO»»*ICJ:oT&»jiU&fc»4«C!)*#«». 2 

as, p.b mtmmtmGLMwc, mzumz 

->'J3>IC^LT, 0J*.«AsH 3 *s«fctfPH 3 ttnS©^ 
&Ztt$?ttm®tLT, B 2 H4«pS©*mttSf«|-# 

«5T * 5 y;V V >(GeH< ) <b i:f23S«&5itl?©Bi£ KWSS 

[0 0 1 2] 

[SUM Blltt*»WtcJ:SSi-Ge iIfi©fi&ft£§IS& 
TSfc©©»«J&Rgg©«gfcj££^Tg5£0-t?<&o 
T, mfi3W5£:S>$j£SS&«l ©-«£«, *-n 
-€ f n-7X7U-3>|-a-7(MFC) £;frLT, fiTFKSffi 
^£iffl#X{Ki&ii>2~ 5 39»«U«*ITV>*. 2«vX 
?;l,y;UV- A (DEGe) $Mt5A^7T*ot, fl 

CttKSnfc^S'^XSiiHi) £{fti£-f 4tt 
*^T10%IC^|R$nfe7;U-»(AsH3 ) 

^, 5fi*^Ti%t#»?$n&^7>(B 2 a)&«ii& 

[0 0 13] tei!T->'j3>i£ll£j£g2-ltSfc«>IC 
~10-'Torr£JlT»C-r-5Ct^MT$>-5. ZLOTzMZ, 

nzmstztiT^z. ;r©*£&i*38B©#;*£« 
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*». rare i tof$%i:zf±mmmxxmm%><Drt- 

*5 J; tfDEGe©* \ U ^ X t LT$> 0 ft A t> tl 
[0 0 14] S^l©teiSlcttn- : j"J#>y9*tS 

n v 9 7 {Ctt, 8 tglJ©D-^ ij #>^10 

aWtWfc»tt*nTt»ft. n-*ijtf>:f9tt, raSf 
10 lrt&w^SUcfflt^na. *-##>7 r 8:fc < fctfn 
-*"Jjfl>7l0tt. n-Fny£7£fl-LTrareift 

ic*«£WbAn-rsfc«6©iP^-e*^. D-^ijjj? 
mtzmmnx^z. 

[0 0 15] RUM 1 ©fiSSlCtt, &m&if77TJ b 
*>6j*-S-y-fe^l2*iSBSnTV»-6. -y-fe^l2tt, 
HAttEJt* 1 ©*&tc&ttsnfciSEfc8fi*3'f M3 

ict^TM&sn*. cntctt), iJ-t^i2±»c«s 

£IC, S«14©iBg£, 560t:t390 ■cowts 

&\zmt2itz. z.<Ditt>\z, Knttft^n-f ;H3ic^ 
•T?.A^«*©*I«ltMffLT, Eftff 1 ©ft&ICgtt 

fc^-r ;i-»ai«Bi5±fcu-fe7 p ^ i2*&mr * c t t i 

[0 0 16] 01©ge*ffl^T, ->Un>atR±lcSi 
l*ckt;GeSS^ft$-ttSSIJS«s|&IK^TS. iB^fid 
00) 'J fiftK t ®Kfl:***corg 

^gjetlcJ;oTISfl;J!iau&©-5, #K*{tjKlcgffit 
30 Tg@©&l't8l£lit54-rs. r©->U3>S«*. 01 
»C*tt * n- H P <y 9 7 fcffltTEfc^ 1 rtlcSlAb, 
D-fe^^l2±(C«Efif*. -ebT. S*&Wlrta5»Cff* 
10Torr©iS»6S*^S#AL/Ja:*^, ^^SSI^n-f )V 
13fc«**A*UT, ->'J3>»«14*900 "CTIO^W 

Dnfs-rs. rntcto, *ffi©i^kis*i8i*-r-5. 

*©©^, 1f-fe7 p : J'12S:^-f;W^lgBl5±IC^«|-r-5 
ttfefC. ^SSI*3-f;H3'v©A*m*^Ttf5. 

[0017] H2ic*-rja*-9-'fi';v*«k^ 

X^Aii-'f i'^TSi-Oe ^S,©)sKS*fT5. Ttztt, 
40 (D-y-b^l2*t^^;l,^gBi5±tc^»$nfc«ffi 
T, 1 fHmz Vy-^Wfr-?- OA (DEGe) £30fj> 

Pb^a-t-s. r©i€r©-y-ty^i2©«ffiiia!tiiK)39o 

tTib5. ftiS, ±fflZ&HZ>Rfa'g 1 rtlC*»t-5DEGe 
©»JE*U xlO- 4 mffi(7.6X10- l Torr) {C*5<t^.C, 
DEGe©S5fi*3«tt;D-^ U ^>^9 IC«fc^Mi^S:ii 
gSTS. rniriO, 30^T»5 5A©Ge»/!)«->Un> 
g«14±lCfijc&-r£. 

[0 0 18] @^-fe^:5'12*^'r>iV^ai^B15±^e.^ 
iS-r^tifelC, JH3^©A*®#£*i 
50 A-r^). DEGe©^A*<?±U *^^X5iK)3|}>K«A 
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7;V->>(AsHj)*15g>|flgiA-rS. Zianfc&ttS 
•9-fe^l2©ia««*<)450 t:T<&-5. &£, ±!2(C*lt 
ZR&g 1 Mcfctt-SAsHs ©#K#2 xlO- e SUE(l. 5x 
10- 3 Torr) left* <fc5fc, DEGe©Mfi£<fctfn- ; 5' U# 

[0 0 19] <3>±fEAsH3©*A£f?jfcU *i5§#7.£#>J 

i5#, 1J-b^l2Ofift*^^IC±#LT530 tiC^L 
yy^XShHi) £40g> SWATS, il©^ 

\z, -y-fe^i2©fis*i560 •ciisufcttr. iS^s^ 
*^»3-f;n3tc^t-^s^*Ttf-5. sue, <Dmx& 

±.HZ\Z$Hf 1 rtt^*3tt-5>Si2H 8 ©#£*>< 2 X10 

- 6 ^JEE(1.5X10- J Torr) \Zl3.%£o[Z, Shlfc ©S&M* 

fc«fc D, 40fJ>fWT*<J 7 A©SiJI#v'J 3 >Sfil4±lC^ 

[0 0 2 0] @±IEShHe 0»A£f?Jtt&©^, ®3 

#w*^^x*i»ALTSf£;«irt©si 2 H, *<j#m$n 

5. -y-fe^l2©Sfg*t430 rcaUfci:^, 
W 1 fttlffiGe5&30g>ffl®A-r-5. 
[0 0 2 1] ©Jm ±E©~©£0r£08»DSI-r. 
±IB©©XgtC*5^T, AsH3©f^t)0tC, PHa , B 2 H4* 

00A©Si-Ge m&m&fc&LTc. X&[5J$T«!lJStC«fcn 
«, £©Si-Ge *g£,JI©#£igtt, ^aH8ja*Vh$^j8fe 
1rT\tt£<, trL5. Si-Ge jgSICjfi<, ^©Il^iia^ 
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fc. una, fi^©Gei«jp^^*A8Stffije)T»^ 

[0 0 2 2] *-;W#»©iB!l^*t±n«, ±ISSi-G 

fc. SIMS^«TlC«t«Ge©H : fSStt38%T*D, £fc, 
i^KT»£tt&10 1( cin- 3 T&ofc„ ^©ffitt, ft*© 
mffiJfc&StCfcSSi-Ge Sai(C*ltS^^««©10^ 
©ie«t*L<{S<, *§8iK©Si-Ge teSHtt. Sffl 
tt©a&Si^Siaa**LTV^„ 
10 [0 0 2 3] 

V^c«-&©^^Sl!£fi«-e^^fc*C, ALE &£JBb> 
TSi-Ge JS»*XbT^*3'+;H«ftS*«i:t«niJ«a: 
35:5. *©*S£, ii5ttS^¥m*®SWr5Si-Ge 

HBT *-2>^ttv>j3>ty^T-^A^«Jibfc§3t3g 
^*lDOT*©£flJfcftffiilTa»JIW»*.5. *&. Si-G 
e ©jB»?£fdffiL&«U>**#*?©M«»Ct>*# 

a? [0iI©flBi£&ia?fJ] 

[01] *ft!ll®imfcffi»&UB£^B<^*l 

[02] *^K(C«t5Si-Ge ©£:!;&*£©»& 
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